Objective: To evaluate whether hypoalbuminemia on admission is a predictor of adverse outcome in critically ill children.
A
LBUMIN IS THE MOST ABUNdant protein in blood plasma, usually constituting up to two-thirds of total plasma protein. 1 It contributes about 80% of the plasma colloid osmotic pressure and is responsible for the transport and binding of many molecules. Albumin is highly water soluble and resides in the extracellular space, with onethird in the intravascular space and twothirds in the extravascular space. Typically, hypoalbuminemia is ascribed to diminished synthesis (eg, malnutrition, malabsorption, or hepatic dysfunction) or increased losses (eg, urinary losses with nephropathy or protein-losing enteropathy). Diversion of synthetic capacity to other proteins (acute-phase reactants) is another cause of hypoalbuminemia. Inflammatory disorders can accelerate the catabolism of albumin while simultaneously decreasing its manufacture. During critical illness, capillary permeability increases dramatically and alters albumin exchange between intravascular and extravascular compartments.
Hypoalbuminemia is associated with poor outcomes in adult critical illness, but whether this association exists in pediatric patients remains unclear. [2] [3] [4] [5] [6] There is a paucity of data evaluating serum albumin level on admission as a predictor of outcome in critically ill children. Our goal was to evaluate whether hypoalbuminemia on admission is a marker of adverse outcome in this population.
METHODS
We performed a retrospective medical record review of data collected from January 1, 1998, through December 31, 2000, in the pediatric intensive care unit (PICU) at the Ronald McDonald Children's Hospital of Loyola University Medical Center. Any pediatric patient whose albumin level was measured was a potential subject. Patients were stratified by age and serum albumin level on admission. Hypoalbuminemia was defined as an albumin level of less than 3.4 g/dL for patients 7 months or older and less than 2.5 g/dL for patients younger than 7 months. 7 (To convert albumin to grams per liter, multiply by 10.) All patient data were combined according to age-specific definitions of hypoalbuminemia. Our institutional review board approved the project and waived the need for consent.
INCLUSION CRITERIA
All patients admitted to the PICU under the care of the PICU team or trauma service whose albumin level was measured were potential subjects. Arrival to the PICU was required no later than the second hospital day, if the patient was initially admitted to the floor. A comprehensive metabolic profile or albumin level was obtained within 48 hours of admission to the hospital.
EXCLUSION CRITERIA
Patients who were not expected to have a normal albumin level (ie, a level above the reference cutoff value for their age) in their usual state of health were excluded. Therefore, patients who were malnourished (below the fifth percentile according to growth curve data) or who had lost weight (Ͼ10% of their body weight in the premorbid state) were excluded. Other exclusion criteria included presence of a chronic disease affecting the growth and development of the gastrointestinal system (failure to thrive or inflammatory bowel disease) or the kidney (endstage renal disease or proteinuria), receipt of home parenteral nutrition, or presence of a chromosomal, genetic, or inborn metabolic disorder. Patients who had undergone cardiac surgery, experienced significant blood loss during surgery (Ͼ10% of their blood volume), or received blood products or albumin before measurement of the albumin level were also excluded.
Data recorded included age, sex, diagnosis (categorized by organ system, eg, respiratory, infectious, neurologic, or cardiac), pediatric risk of mortality (PRISM) score, 8 risk of mortality computed from the PRISM score, length of hospital stay, length of PICU stay, receipt and length of ventilatory support, number of organ failures 9 ( Table 1) , outcome (survival), complications, and whether the patient received supplemental albumin. Except for death in an extremely ill child, complications were all unexpected, untoward events such as nosocomial pneumonia, decubitus ulcer, or reintubation.
DATA ANALYSIS
Mortality probability was used as a control variable when groups, which were divided according to their albumin level (hypoalbuminemic patients [hypoalbuminemia group] vs patients with a normal albumin level [normal albumin level group]) were compared on all outcome variables. Because both the PRISM and risk of mortality scores were highly skewed, we computed the logarithm of risk of mortality. Analyses of covariance were used to compare the groups on scaled variables (eg, number of organ failures) using the logarithm of mortality risk as a covariate. The Mantel-Haenszel test was used to compare the groups on categorical variables (eg, survival). In these categorical analyses, mortality risk was controlled with a dichotomy of the logarithm of mortality risk. A median split was used to define low and high risk. 
RESULTS
The medical records of 225 patients with an admission albumin level measurement were initially reviewed. Seventy patients were excluded. Of the 155 patients remaining, 10 patients younger than 7 months had hypoalbuminemia (mean ± SE albumin level, 1.64 ± 0.46 g/dL), as did 41 patients 7 months or older (mean ± SE albumin level, 2.65±0.62 g/dL). Twenty-seven patients younger than 7 months had a normal albumin level (mean±SE albumin level, 3.19 ± 0.37 g/dL) in addition to 77 patients 7 months or older (mean ± SE albumin level, 3.97±0.49 g/dL). Our group of 155 patients had a mean concentration of 3.33 g/dL. Of the 51 patients in the hypoalbuminemia group, 25 were male and 26 were female; of the 104 patients with a normal albumin level, 59 were male and 45 were female (P=.39). The mean age of the hypoalbuminemia group was 57.0 months (range, 0-214 months) and that of the normal albumin level group was 67.7 months (range, 0-211 months) (P = .36).
The diagnostic categories of the 155 patients are given in 
COMMENT
Hypoalbuminemia is not an infrequent event in the critically ill child. Not every child admitted to our PICU undergoes a comprehensive metabolic profile or albumin level determination; therefore, the true incidence of hypoalbuminemia in our population is not known. There is a paucity of data in this regard. In the only other comparable study, Durward et al 4 found a hypoalbuminemia incidence of 56.7%. Whatever the cause of low albumin levels, the decreased plasma colloid osmotic pressure compromises the intravascular volume, placing the child at risk for inadequate blood flow to vital organs. This is especially true of capillary leak, in which the albumin escapes to the interstitial space, pulling fluid along. Thus, it would be expected that a low serum albumin level would be associated with poor outcome.
The adult literature has documented hypoalbuminemia as a marker for disease severity, prolonged ventilatory support, and extended length of intensive care unit (ICU) stay. In their meta-analysis, Vincent and colleagues 3 found hypoalbuminemia to be a dosedependent independent predictor of poor outcome. Each 1.0-g/dL decline in serum albumin concentration significantly raised the odds of mortality by 137%, morbidity by 89%, and prolonged ICU and hospital stay by 28% and 71%, respectively, and increased resource utilization by 66%. In the trauma population, patients with a lower serum albumin level (Ͻ 2.6 g/dL) were found to have significantly longer ICU (17.1 vs 14.2 days; PϽ.001) and hospital (17.3 vs 20.1 days; P=.003) lengths of stay, more days receiving ventilatory support (11.1 vs 13.5 days; P=.003), and greater mortality (P=.002) when matched for age and injury severity. 6 The relative risks of infection and mortality increased greater than 2.5-fold in patients with increased age and a low serum albumin level when analyzed by multilinear regression analysis. 6 However, other investigators from China found that, in medical and surgical patients, serum albumin level had low sensitivity and specificity for predicting hospital mortality.
11
In the pediatric prognostic scoring systems PRISM III and PIM, 12 albumin level is not a variable used to determine the percentage. However, in the recent effort to develop and then prospectively validate a multiple organ dysfunction scoring system in a large population of critically ill children, significant differences were observed in all variables studied for the hepatic/pancreatic organ system between survivors and nonsurvivors. 13 This included albumin level, although the bilirubin level provided higher validity. 13 The study by Durward et al 4 measuring anion gap in hypoalbuminemic children found that hypoalbuminemia on admission was common but not an independent predictor of mortality; mean albumin levels were similar between survivors and nonsurvivors. In contrast, our patients in the hypoalbuminemia group, when compared with the normal albumin level group, had a higher severity of illness, greater likelihood of ventilatory support, higher predicted rate of mortality, and higher rate of actual mortality. Our 2 groups may be much more disparate because there is no intermediate care unit in our institution, and much less acutely ill patients may have composed our normal albumin level group. This proposed difference between our hypoalbuminemia and normal albumin level groups compared with the patients studied by Durward et al is suggested by the larger discrepancy in severity of illness scores (P = .001) and rates of ventilatory support (PϽ.001) between our 2 groups. In addition, the medical condition of the patients in the study by Durward et al may have been more critical, as evidenced by the inclusion criteria of an indwelling arterial line, higher rate of ventilatory support in the control group, and a mean albumin concentration of 2.98 g/dL for their 134 patients. (Our group of 155 patients had a mean concentration of 3.33 g/dL.) Some indications for which albumin therapy is considered include hypovolemia, shock, burns, hypoalbuminemia, surgery or trauma, cardiopulmonary bypass graft, acute respiratory distress syndrome, plasmapheresis, hemodialysis, and sequestration of protein-rich fluids. 14, 15 In the critically ill patient, in whom the endothelium may be damaged, treatment with colloids and crystalloids could conceivably increase interstitial fluid volume: crystalloids by virtue of their usual distribution throughout the extracellular space, and colloids by increasing oncotic pressure within the interstitium if there is substantial transcapillary leak. The use of albumin as a fluid for volume replacement or as a treatment for hypoalbuminemia has been an ongoing debate and has been the subject of evidenced-based reviews. 16 The use of albumin replacement as a volume expander for the critically ill adult was investigated during the SAFE (Saline vs Albumin Fluid Evaluation) Study from New Zealand and Australia, a randomized double-blind study of nearly 7000 patients. 17 In that study, investigators found that 4% albumin treatment for hypotension did not result in decreased mortality or morbidity. 17 In summary, we found that hypoalbuminemia was a significant marker of morbidity and mortality in critically ill children. Additional pediatric studies are needed to confirm this, although the adult literature is in agreement. Replacement is very likely to be beneficial in some circumstance (eg, for septic shock) 18 and not of value (for burns 19 ) or detrimental (eg, for head trauma) in others. 14 The physician, as always, needs to tailor the treatment on the basis of the disease process and the serum albumin concentration. 
